1 The process of bacterial coenzyme A (CoA) degradation has remained unknown 2 despite the otherwise detailed characterization of the CoA synthesis pathway over 30 3 years ago. Numerous enzymes capable of CoA degradation have been identified in 4 other domains of life that belong to the Nudix superfamily of hydrolases, but the 5 molecule responsible for this process in the model bacterial system of E. coli remains a 6 mystery. We report here that E. coli contains two such Nudix enzymes capable of CoA 7 degradation into 4'-phosphopantetheine and 3',5'-adenosine monophosphate. The E. 8 coli enzymes NudC and NudL were cloned in various promoter-fusion constructs in 9 order to purify them as soluble active enzymes and characterize their ability to catalyze 10
Introduction
The Nudix enzymes are a superfamily of phosphohydrolases that exist in all 2 domains of life [1] and cleave nucleoside diphosphates linked to another moiety [2, 3] . 3 Originally characterized to function in cellular housecleaning for the removal of investigators have discovered and characterized Nudix superfamily enzymes with such 23 capability in a diverse set of organisms, the E. coli counterpart has remained elusive 1 only to be hypothesized as the gene product named YeaB or NudL [2] . Such a lack of 2 information is interesting considering the monumental discoveries of coenzyme-linked 3 RNA in that same organism [16, 17] 
22
Enzymes were stored in 40% glycerol at -20 °C until use. 
Cloning Constructs 2
Cloning constructs were assembled by in vivo homologous recombination in 3 DH5α and High-Control 10G cells following the protocol described elsewhere (Huang & 4 Spangler, submitted for review). Briefly, NudC and NudL genes were amplified from the 5 E. coli genome by polymerase chain reaction (PCR) with Hot Start Q5 (NEB) and 6 primers flanking the open reading frames that added 18 base pairs of homology to 7 pMBP-Parallel, pETite-nHis-SUMO, or pET-28a backbones that were separately 8 linearized by PCR. Nudt7 was prepared similarly from a cDNA library from murine C3H 9 cells as a gift from Yan-Lin Guo. In the case of pMBP-Parallel, PCR amplification of the 10 backbone was carried out to both linearize the vector for recombination in addition to 11 replace the recognition site of TEV protease with thrombin for the downstream removal RNA were carried out similarly, but incubated at 37 °C for 20 minutes before analyzing 20 reaction progress by 12% denaturing PAGE containing 7 M urea. After electrophoresing 21 10 minutes, gels were dried and exposed for visualization by phosphorimaging 22 (Molecular Imager; Bio-Rad Laboratories, Hercules, CA). mM MgCl2 at 37 °C with injections occurring approximately every 10 minutes (Fig. 3A) .
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The observed reaction velocities were plotted against substrate concentration to 19 generate a Michaelis-Menten plot (Fig. 3B ) and calculate the turnover number (kcat) of oxidation, dimerized CoA-RNA was observed to be cleaved by NudC (Fig. 4A ) in a 10 similar pattern to that of Nudt7. NudL, on the other hand, did not display such a pattern 11 ( Fig. 4A and 4B ). Considering the possibility that NudL could react with reduced CoA- 
Discussion
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Here we demonstrate that NudL is the CoA specific Nudix hydrolase in E. coli. 18 The recombinant expression of NudL proved to be a difficult undertaking due to its 19 solubility in vitro. The inability for SUMO to influence the solubility of the enzyme was 20 perplexing, as it is a popular solution to expression problems with other investigators 21 [25] as well as with our own constructs. The MBP did succeed in solubilizing NudL, but 22 its incorporation was problematic due to its large size of over 40 kD which is nearly 23 twice that of NudL. The size of MBP is partly what makes it a great solubility-enhancer, 1 but it seemed to have impeded the observable enzyme activity of NudL. While NudL 2 activity was demonstrated with the attached fusion protein, the calculated kcat and 3 catalytic efficiency were drastically lower than its eukaryotic counterparts ( Table 1) . With The kinetic studies with CoA proved SUMO-NudC to be a much faster enzyme 14 than MBP-NudL. SUMO-NudC displayed a turnover number more than 20-fold higher 15 than MBP-NudL, and only an order of magnitude slower and less efficient than the 16 murine Nudt7 ( Table 1 ). The enzyme has been previously characterized to hydrolyze a 17 wide variety of nucleoside-derived substrates [5, 18, 19, 26] with optimal activity for 18 NADH, and we observed an 18-fold lower turnover number for CoA than for NADH [5] . 19 These results imply that CoA is not the preferred substrate. The activity of NudC with 20 three structurally distinct coenzymes demonstrated here reinforces the lack of specificity 
